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MACRO LENS SYSTEM 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a macro lens system 
for use in a single-lens reflex (SLR) camera. 
0003 2. Description of the Prior Art 
0004. In a standard lens system which is not a macro lens 
system, the correcting of aberrations is carried out based on 
an infinite distance, and in a macro lens system the correcting 
ofaberrations is carried out based on a closer distance. On the 
other hand, it has been known that a macro lens system is 
frequently used for standard photography. It is therefore pref 
erable to achieve a macro lens system in which the correcting 
ofaberrations is suitably carried out from an infinite distance 
to a closer distance. 
0005. In order to meet such demands, there have been 
three types of prior-art macro lens systems: 
0006 First Type Prior Art: 
0007 a macro lens system in which the correcting of aber 
rations is carried out from an infinite distance to a closer 
distance with a floating mechanism by which focusing is 
performed by independently moving a plurality of lens 
groups. 
0008 For example, the macro lens systems categorized in 
the first type prior art are shown in Japanese Unexamined 
Patent Publication (hereinafter, JUPP) No. H08-15609, JUPP 
No. 2004-212692 and JUPP No. 2005-189727. 
0009. In JUPP No. H08-15609, the macro lens system is 
divided into four lens groups, and three lens groups thereof 
are independently movable to correct aberrations from an 
infinite distance to a closer distance. 
0010. In JUPP Nos. 2004-212692 and 2005-189727, the 
macro lens system is divided into two lens groups, and these 
two lens groups are independently movable in order to correct 
aberrations from an infinite distance to a closer distance. 
0011 Second Type Prior Art: 
0012. A lens system in which the most image-side lens 
group (final lens group) remains stationary with respect to the 
imaging plane, and the remaining lens groups provided in 
front of the final lens group integrally move in order to correct 
aberrations from an infinite distance to a closer distance (up to 
about -1/10 magnification). 
0013 For example, the lens systems categorized in the 
second type prior art are shown in JUPPNos. S58-126512 and 
HO2-12522O 
0014) Third Type Prior-Art: 
0015. A lens system in which the first lens group or the 
entire lens system is formed as a retro-focus type lens system. 
0016 For example, lens systems categorized in the third 
type prior art are shown in JUPPNos. H01-214812 and H10 
3.1153. 
0017. In JUPP No. H01-214812, the first lens group is 
formed as a retro-focus type lens group in order to correct 
aberrations from an infinite distance to a closer distance. In 
this publication, the macro function is considered. 
0018. In JUPP No. H10-31153, the entire lens system is 
formed as a retro-focus type lens system, in which a positive 
lens group and a negative lens group are arranged in this order 
from the object, in order to correctaberrations from an infinite 
distance to a closer distance. In this publication, the macro 
function is not considered. 
0019. In a macro lens system with the floating mechanism 

(i.e., the first type prior-art), a problem, such as large variation 
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ofaberrations from an infinite distance to a closer distance, is 
solved; however, the floating mechanism which individually 
moves a plurality of lens groups is complicated, and tends to 
be mechanically instable. 
0020. In a macro lens system of the second type prior art, 
only one lens group is movable, or lens groups to be moved 
are integrally movable as one lens group; and therefore the 
macro lens system of the second type prior artis mechanically 
stable. 
0021 However, the correcting of aberrations can be car 
ried out up to no more than about -1/10 magnification, and 
optical quality comes worse when the lens group is advanced 
to -1/2 magnification or to 1:1 magnification. 
0022. In a macro lens system of the third type prior-art, 
JUPP No. HO1-214812 and JUPP No. H10-31153 are 
explained as follows: 
(0023. In JUPP No. H01-214812, the first lens group is 
formed as a retro-focus type lens group, and the entire lens 
arrangement of the first lens group is to particularly reduce 
fluctuation of astigmatism from an infinite distance to a closer 
distance. Consequently, in the first lens group, the difference 
between the radius of curvature of the object-side surface of 
the third lens element and that of the image-side surface 
thereof becomes Smaller, so that the Z coefficient which indi 
cates a criterion of easiness/difficulty for centering a lens 
element is extremely small (i.e., centering is difficult). As a 
result, the manufacturing costs thereof are undesirably 
higher. 
0024. In JUPP No. H10-31153, the entire lens system is 
formed as a retro-focus lens system in which the correcting of 
aberrations is carried out by appropriately distributing the 
refractive power over the front lens group and the rear lens 
group. However, if an attempt is made to advance the lens 
system up to -1/2 magnification or to 1:1 magnification, the 
front lens group and the rear lens group collide with each 
other, and hence it would be mechanically impossible to 
constitute the entire lens system as a retro-focus lens system. 
0025. On the other hand, a digital SLR camera is prefer 
ably designed to accommodate not only a photographing lens 
system exclusively for a digital SLR camera but also a pho 
tographing lens system for a conventional silver-halide-film 
SLR camera. Then, a digital SLR camera has to have a longer 
flange-back distance as a silver halide film SLR camera has. 
Accordingly, a photographing lens system exclusive for a 
digital SLR camera needs to secure a longer back focal dis 
tance as that of a silver-halide -film SLR camera. 
0026. However, the size of the imaging device of a digital 
SLR camera is smaller than the frame size of a sliver halide 
film, so that the focal length of a photographing lens system 
exclusive for a digital SLR camera has to be made shorter in 
order to achieve the same angle-of-view as that of photo 
graphing lens system for a conventional silver-halide-film 
SLR camera. 

SUMMARY OF THE INVENTION 

0027. The present invention is to provide a miniaturized 
macro lens system (i) which can be used with a digital SLR 
camera to which a conventional photographing lens system 
for a silver-halide-film SLR camera can be mounted; (ii) 
which enables photography at approximately 1:1 magnifica 
tion, and which (iii) can Suitably correctaberrations, particu 
larly spherical aberration and distortion, from an infinite dis 
tance to a closer distance. 
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0028. According to an aspect of the present invention, 
there is provided a macro lens system including a first lens 
group having a positive refractive power (hereinafter, a posi 
tive first lens group), a diaphragm, a second lens group having 
a positive refractive power (hereinafter, a positive second lens 
group), and a third lens group having a negative refractive 
power (hereinafter, a negative third lens group), in this order 
from the object. 
0029. Upon focusing from an object at an infinite distance 
to an object at a closer distance, the positive first lens group 
and the positive second lens group integrally move toward the 
object without changing a distance therebetween, with 
respect to the negative third lens group which is stationary 
with respect to the imaging plane in a camera body. 
0030 The positive first lens group includes a negative first 
Sub-lens group and a positive second Sub-lens group which 
are divided at a maximum distance between lens elements in 
the positive first lens group. 
0031. The macro lens system satisfies the following con 
ditions: 

0.32<d/f-0.7 (1) 

0032 wherein 
0033 d designates an distance between the negative first 
Sub-lens group and the positive second Sub-lens group; 
0034 f designates a focal length of the entire macro lens 
system; and 
0035 f3 designates a focallength of the negative third lens 
group. 
0036. The negative first sub-lens group is preferably con 
stituted by a plurality of lens elements; and the plurality of 
lens elements include a negative lens element. The rest of said 
plurality of lens elements are provided on the object-side of 
the negative lens element; and the rest of the plurality of lens 
elements comprise at least one positive lens element. 
0037. The negative first sub-lens group is preferably con 
stituted by a positive first lens element having a convex Sur 
face facing toward the object and a negative second lens 
element, in this order from the object. 
0038. The negative second lens element preferably 
includes a negative meniscus lens element having the concave 
Surface, with a smaller radius of curvature, facing toward the 
image. 
0039. The positive second sub-lens group preferably 
includes cemented lens elements having a positive third lens 
element and a negative fourth lens element, in this order from 
the object. 
0040. The macro lens system preferably satisfies the fol 
lowing conditions: 

-0.75<f 2/fla-0.55 (3) 

0041 wherein 
0.042 ft designates a combined focal length of the posi 

tive second Sub-lens group and the positive second lens 
group; and 
0043 fla designates a focal length of the negative first 
Sub-lens group. 
0044) The positive second lens group preferably includes 
a negative biconcave lens element and two positive lens ele 
ments, in this order from the object. 
0045 More specifically, the positive second lens group 
preferably includes three lens elements, i.e., a negative bicon 
cave lens element, a positive lens element having a convex 
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Surface facing toward the image, and a positive biconvex lens 
element, in this order from the object. 
0046. The negative third lens group preferably includes a 
negative lens element and a positive biconvex lens element. 
0047. The present disclosure relates to subject matter con 
tained in Japanese Patent Application No. 2007-101302 (filed 
on Apr. 9, 2007) which is expressly incorporated herein in its 
entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0048. The present invention will be discussed below in 
detail with reference to the accompanying drawings, in 
which: 
0049 FIG. 1 shows a lens arrangement of a first embodi 
ment of the macro lens system according to the present inven 
tion, when an object at infinity is in an in-focus state; 
0050 FIGS. 2A, 2B, 2C, 2D and 2E show various aberra 
tions occurred in the lens arrangement shown in FIG.1, when 
an object at infinity is photographed; 
0051 FIGS. 3A, 3B, 3C, 3D and 3E show various aberra 
tions occurred in the lens arrangement shown in FIG.1, when 
an object at a closer distance is photographed; 
0.052 FIG. 4 shows a lens arrangement of a second 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State; 
0053 FIGS.5A, 5B, 5C, 5D and 5E show various aberra 
tions occurred in the lens arrangement shown in FIG.4, when 
an object at infinity is photographed; 
0054 FIGS. 6A, 6B, 6C, 6D and 6E show various aberra 
tions occurred in the lens arrangement shown in FIG.4, when 
the object at a closer distance is photographed; 
0055 FIG. 7 shows a lens arrangement of a third embodi 
ment of the macro lens system according to the present inven 
tion, when an object at infinity is in an in-focus state; 
0056 FIGS. 8A, 8B, 8C, 8D and 8E show various aberra 
tions occurred in the lens arrangement shown in FIG. 7, when 
an object at infinity is photographed; 
0057 FIGS.9A,9B, 9C, 9D and 9E show various aberra 
tions occurred in the lens arrangement shown in FIG. 7, when 
the object at a closer distance is photographed; 
0.058 FIG. 10 shows a lens arrangement of a fourth 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State; 
0059 FIGS. 11A, 11B, 11C, 11D and 11E show various 
aberrations occurred in the lens arrangement shown in FIG. 
10, when an object at infinity is photographed; 
0060 FIGS. 12A, 12B, 12C, 12D and 12E show various 
aberrations occurred in the lens arrangement shown in FIG. 
10, when the object at a closer distance is photographed; 
0061 FIG. 13 shows a lens arrangement of a fifth embodi 
ment of the macro lens system according to the present inven 
tion, when an object at infinity is in an in-focus state; 
0062 FIGS. 14A, 14B, 14C, 14D and 14E show various 
aberrations occurred in the lens arrangement shown in FIG. 
13, when an object at infinity is photographed; 
0063 FIGS. 15A, 15B, 15C, 15D and 15E show various 
aberrations occurred in the lens arrangement shown in FIG. 
13, when an object at a closer distance is photographed; 
0064 FIG.16 shows a lens arrangement of a sixth embodi 
ment of the macro lens system according to the present inven 
tion, when an object at infinity is in an in-focus state; 
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0065 FIGS. 17A, 17B. 17C, 17D and 17E show various 
aberrations occurred in the lens arrangement shown in FIG. 
16, when an object at infinity is photographed; and 
0066 FIGS. 18A, 18B, 18C, 18D and 18.E show various 
aberrations occurred in the lens arrangement shown in FIG. 
16, when the object at a closer distance is photographed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0067. The macro lens system of the present invention, as 
shown in FIGS. 1, 4, 7, 10, 13 and 16, includes a positive first 
lens group 10, a diaphragm S. apositive second lens group 20. 
and a negative third lens group 30, in this order from the 
object. 
0068. The positive first lens group 10 is divided into a 
negative first Sub-lens group 11 and a positive second Sub 
lens group 12 at a maximum distance between lens elements 
in the positive first lens group 10. 
0069. The negative third lens group 30 remains stationary 
with respect to the imaging plane I in a camera body. 
0070. Upon focusing from an object at an infinite distance 
to an object at a closer distance, the positive first lens group 10 
and the positive second lens group 20 integrally move toward 
the object without changing the distance therebetween with 
respect to the negative third lens group 30 which is stationary 
with respect to the imaging plane I. 
0071. In other words, the negative third lens group 30 does 
not move during a focusing operation, and is separate from 
the positive first lens group 10 and the positive second lens 
group 20 which integrally move during focusing. 
0072 The diaphragm S is provided between the positive 

first lens group 10 and the positive second lens group 20. 
0073. Furthermore, as shown FIGS. 1, 4, 7, 10, 13 and 16, 
with respect to the positive first lens group 10 and the positive 
second lens group 20, the negative first Sub-lens group 11, the 
positive second Sub-lens group 12 and the positive second 
lens group 20 constitute a retro-focus type lens system. Due to 
the negative refractive power of the negative first sub-lens 
group 11, distortion in the negative direction, and spherical 
aberration largely occur. Therefore the negative first sub-lens 
group 11 is preferably constituted by a plurality of lens ele 
ments; and the plurality of lens elements include a negative 
lens element. The rest of said plurality of lens elements are 
provided on the object-side of the negative lens element; and 
the rest of the plurality of lens elements comprises at least one 
positive lens element. 
0.074. In order to reduce the occurrence of distortion, a 
negative lens element in the negative first Sub-lens group 11 is 
preferably formed as a negative meniscus lens element having 
the convex surface facing toward the object, and having a 
relatively smaller radius of curvature (i.e., a relatively stron 
ger negative refractive power). 
0075 Namely, even in a lens group having a negative 
refractive power, Such as the negative first Sub-lens group 11, 
a negative lens element having a shape by which distortion in 
the negative direction can be reduced is preferably provided 
therein. Moreover, with the above shape of the negative lens 
element, the distance between the negative lens element and 
the positive lens element provided on the object-side of the 
negative lens element can be made shorter, and further min 
iaturization of the macro lens system can be attained. 
0076. The positive second sub-lens group 12 is constituted 
by a positive lens element and a negative lens element each of 
which is made from a predetermined glass material, and 
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which are to be cemented to each other so that the combined 
refractive power is positive. It is preferable that the difference 
of refractive indices of the grass materials be larger. With such 
an optical arrangement, spherical aberration is suitably cor 
rected in the positive second Sub-lens group 12. 
(0077. Furthermore, in the case where a relatively thicker 
positive lens element is employed, distortion can be cor 
rected. 

0078. In the retro-focus type lens system including the 
negative first Sub-lens group 11, the positive second Sub-lens 
group 12 and the positive second lens group 20, the refractive 
power of the rear lens group (i.e., the positive second Sub-lens 
group 12 and the positive second lens group 20) generally 
becomes too strong, so that spherical aberration tends to 
largely occur. Therefore in the positive second lens group 20. 
it is preferable that a biconcave negative lens element be 
provided in order to reduce spherical aberration Furthermore, 
in the case where the positive refractive power of the positive 
second lens group 20 is loaded onto one positive lens element 
only, the positive refractive power of the positive second lens 
group 20 becomes too strong. As a result, the correcting of 
spherical aberration becomes difficult. To overcome such a 
drawback, two positive lens elements are preferably provided 
in the positive second lens group 20. 
0079. In the embodiments of the present invention, the 
positive second lens group 20 includes a negative biconcave 
lens element, a positive lens element having a convex surface 
facing toward the image, and a positive biconvex lens ele 
ment, in this order from the object. 
0080. The negative third lens group 30 includes two lens 
elements, i.e., a positive lens element and a negative lens 
element in this order or vice versa from the object, in order to 
correct spherical aberration and astigmatism which occur 
when an object at closer distance is photographed. 
I0081. Upon focusing from an object at an infinite distance 
to an object at a closer distance, the positive first lens group 10 
and the positive second lens group 20 integrally move toward 
the object without changing a distance therebetween, with 
respect to the negative third lens group 30 which is stationary 
with respect to the imaging plane in a camera body. Due to 
this arrangement, the traveling distance of the lens groups can 
be made shorter, the mechanisms for driving the lens groups 
can be made simpler, and the movement of the lens groups can 
be stabilized. On the other hand, in the prior art, upon focus 
ing from an object at an infinite distance to an object at a 
closer distance, focusing is performed by a floating mecha 
nism in which a plurality of lens groups are independently 
moved through a complicated mechanism for driving the lens 
groups. 

I0082. The macro lens system of the present invention pref 
erably satisfies conditions (1), (2) and (3) to be discussed 
below. 

I0083 Condition (1) specifies the distance between the 
negative first Sub-lens group 11 and the positive second Sub 
lens group 12 (the distance between the most image-side 
Surface of the negative first Sub-lens group 11 to the most 
object-side surface of the positive second Sub-lens group 12). 
I0084. If the distance between the negative first sub-lens 
group 11 and the positive second Sub-lens group 12 becomes 
longer to the extent that d/f exceeds the upper limit of condi 
tion (1), the entire macro lens system also becomes longer. 
Here, if an attempt is made to shorten the entire macro lens 
system, the distance between the negative first Sub-lens group 
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11 and the positive second sub-lens group 12 becomes too 
short, so that the correcting of spherical aberration becomes 
difficult. 
0085. If the distance between the negative first sub-lens 
group 11 and the positive second Sub-lens group 12 becomes 
shorter to the extent that d/f exceeds the lower limit of con 
dition (1), the negative refractive power of the negative first 
Sub-lens group 11 needs to be stronger for the purpose of 
securing the back focal distance. Consequently, the correct 
ing of aberrations, particularly spherical aberration, becomes 
difficult in the positive second sub-lens group 12 and the 
positive second lens group 20 which are positioned behind the 
negative first Sub-lens group 11. 
I0086 Condition (2) specifies the focal length (the refrac 
tive power) of the negative third lens group 30. 
0087. In the macro lens system of the present invention, 
the negative third lens group 30 remains stationary upon 
focusing with respect to the imaging plane I in a camera body. 
Due to this arrangement, the correcting of aberrations 
becomes easier when an object at a closer distance is photo 
graphed. 
0088. If the refractive power of the negative third lens 
group 30 becomes stronger, i.e., the focal length thereof is 
made shorter, to the extent that f3/fexceeds the upper limit of 
condition (2), the traveling distances of the positive first lens 
group 10 and the positive second lens group 20 upon focusing 
become shorter. Consequently, the entire macro lens system 
can be made shorter, so that further miniaturization can be 
attained. However, the correcting of spherical aberration and 
coma occurred in the positive first lens group 10 and the 
positive second lens group 20 becomes difficult. 
I0089. If the refractive power of the negative third lens 
group 30 becomes weaker, i.e., the focal length thereof is 
made longer, to the extent that f3/f exceeds the lower limit of 
condition (2), the correcting of residual aberrations, particu 
larly spherical aberration and coma, in the positive first lens 
group 10 and the positive second lens group 20 becomes 
difficult. Moreover, if the refractive power of the negative 
third lens group 30 becomes weaker, the traveling distance of 
the focusing lens group (the positive first lens group 10 and 
the positive second lens group 20) becomes longer. However, 
the negative third lens group 30 is stationary, so that the 
diameter thereof is inevitably made larger in order to secure 
peripheral illumination at a closer distance, and the negative 
third lens group 30 with a larger diameter causes an increase 
in production costs. 
0090 Condition (3) specifies the ratio of the combined 
focal length of the positive second Sub-lens group 12 and the 
positive second lens group 20 to the focal length of the nega 
tive first sub-lens group 11. Namely, in the retro-focus type 
lens system, condition (3) determines the ratio of the refrac 
tive power of the positive lens group to that of the negative 
lens group. 
0091) Iff/fla exceeds the upper limit of condition (3), 
the refractive power of the negative first sub-lens group 11 
becomes stronger, so that distortion is overcorrected. 
0092) Iff/fla exceeds the lower limit of condition (3), 
the combined refractive power of the positive second sub-lens 
group 12 and the positive second lens group 20 becomes 
stronger, so that the back focal distance can advantageously 
secured; however, spherical aberration cannot adequately be 
corrected. 

0093 Specific numerical data of the embodiments will be 
described hereinafter. 
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0094. In the diagrams of spherical aberration and the sine 
condition, SA designates spherical aberration, SC designates 
the sine condition, FNO. designates the F-number, and FE 
designates the effective F-number. 
0095. In the diagrams of chromatic aberration (axial chro 
matic aberration) represented by spherical aberration, the 
solid line and the two types of dotted lines respectively indi 
cate spherical aberrations with respect to the d, g and Clines. 
0096. In the diagrams of lateral chromatic aberration, y 
designates the image height, the two types of dotted lines 
respectively indicate magnification with respect to the g and 
Clines; however, the d line as the baseline coincides with the 
ordinate. 
0097. In the diagrams of astigmatism, y designates the 
image height, S designates the Sagittal image, and M desig 
nates the meridional image. 
0098. In the diagrams of distortion, y designates the image 
height. 
(0099. In the tables, FNO. designates the F-number, f des 
ignates the focal length of the entire lens system, W desig 
nates the half angle-of-view (), fB designates the back focal 
distance, r designates the radius of curvature, d designates the 
lens-element thickness or a distance between lens elements 
(lens groups), N designates the refractive index of the d-line, 
and v designates the Abbe number. 
0100. In the embodiments to be discussed below, no 
aspherical Surface is provided on lens elements. 

Embodiment 1 

0101 FIG. 1 shows the lens arrangement of the first 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State. 

0102 FIGS. 2A through 2E show various aberrations 
occurred in the lens arrangement shown in FIG. 1, when an 
object at infinity is photographed. 
(0103 FIGS. 3A through 3E show various aberrations 
occurred in the lens arrangement shown in FIG. 1, when an 
object at a closer distance is photographed. 
0.104 Table 1 shows the numerical data of the first 
embodiment. 
0105. In Tables 1 through5, the values of d for surface No. 
13 (i.e., distance between the positive second lens group 20 
and the positive third lens group 30) indicate the distances 
therebetween at an infinite photographic position; -0.5 mag 
nification photographic position; and -1.0 magnification 
photographic position, in this order from the left to right in 
each table. 
0106 The negative first lens group 10 (surface Nos. 1 
through 7) includes a positive meniscus lens element (positive 
first lens element) having the convex surface facing toward 
the object, a negative meniscus lens element (negative second 
lens element) having the convex surface facing toward the 
object (and having the image-side concave surface with a 
Smaller radius of curvature), and cemented lens elements 
having a positive biconvex lens element (positive third lens 
element) and a negative biconcave lens element (negative 
fourth lens element), in this order from the object. The posi 
tive first lens element and the negative second lens element 
constitute the negative first Sub-lens group 11. The positive 
third lens element and the negative fourth lens element con 
stitute the second Sub-lens group 12. 
0107 The positive second lens group 20 (surface Nos. 8 
through 13) includes a negative biconcave lens element, a 
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positive meniscus lens element having the convex surface 
facing toward the image, and a positive biconvex lens ele 
ment, in this order from the object. 
0108. The positive third lens group 30 (surface Nos. 14 
through 17) includes a negative meniscus lens element having 
the concave Surface facing toward the image, and a positive 
biconvex lens element, in this order from the object. 
0109 The diaphragm S is provided 4.425 in front of (on 
the side of the object) the positive second lens group 20 
(surface No. 8). 

TABLE 1. 

FNo. = 1:2.88 
f = 34.41 
W = 23.4 
fB = 38.72 

Surf. No. r d Nd w 

1 29.593 3.2O 80518 25.4 
2 51.800 0.44 
3 26.800 1.68 .78S90 44.2 
4 11.117 11.89 
5 41849 5.97 .772SO 49.6 
6 -14.155 1.30 54814. 45.8 
7 87.954 8.43 
8 -2542O 1.2O .74O77 27.8 
9 63.190 1.2O 
10 -76.294 3.12 62O41 60.3 
11 -18.874 O.2O 
12 46.415 3.22 74100 S2.7 
13 -46.415 1.00-12.57-24.13 
14 -265.321 1.20 772.50 49.6 
15 38.543 O.62 
16 61.300 2.85 54814. 45.8 
17 -61.300 

Embodiment 2 

0110 FIG. 4 shows the lens arrangement of the second 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State. 

0111 FIGS. 5A through 5E show various aberrations 
occurred in the lens arrangement shown in FIG. 4, when an 
object at infinity is photographed. 
0112 FIGS. 6A through 6E show various aberrations 
occurred in the lens arrangement shown in FIG. 4, when an 
object at a closer distance is photographed. 
0113 Table 2 shows the numerical data of the second 
embodiment. 
0114. The basic lens arrangement of the second embodi 
ment is the same as that of the first embodiment. 
0115 The diaphragm S is provided 3.902 in front of (on 
the side of the object) the positive second lens group 20 
(surface No. 8). 

TABLE 2 

FNo. = 1:2.88 
f = 30.90 
W = 26.O 
fB = 37.00 

Surf. No. r d Nd w 

1 33.912 2.74 180518 25.4 
2 59.633 O.26 
3 30.134 1.60 1.77250 49.6 
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TABLE 2-continued 

FNo. = 1:2.88 
f = 30.90 
W = 26.O 
fB = 37.00 

Surf. No. r d Nd w 

4 11406 12.63 
5 42.900 S.49 1.72OOO SO.2 
6 -13.900 1.30 1.53172 48.9 
7 1020.662 9.35 
8 -28.995 1.27 180518 25.4 
9 52.842 1.26 
10 -80.026 2.96 1.6968O SSS 
11 -22.490 O.2O 
12 SO-630 3.36 1.772SO 49.6 
13 -37.78O 100-12.32-23.64 
14 156.OOO 1.2O 1.72OOO SO.2 
15 32.200 O.77 
16 S1.OOO 2.50 1.53172 48.9 
17 -170.400 

Embodiment 3 

0116 FIG. 7 shows the lens arrangement of the third 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State. 

0117 FIGS. 8A through 8E show various aberrations 
occurred in the lens arrangement shown in FIG. 7, when an 
object at infinity is photographed. 
0118 FIGS. 9A through 9E show various aberrations 
occurred in the lens arrangement shown in FIG. 7, when an 
object at a closer distance is photographed. 
0119 Table 3 shows the numerical data of the third 
embodiment. The basic lens arrangement of the third embodi 
ment is the same as that of the first embodiment. 

0.120. The diaphragm S is provided 2.820 in front of (on 
the side of the object) the positive second lens group 20 
(surface No. 8). 

TABLE 3 

FNo. = 1:2.88 
f = 30.90 
W = 25.9 
fB = 37.00 

Surf. No. r d Nd w 

1 38.001 3.29 80518 25.4 
2 91.981 O.10 
3 38.242 1...SO 772.50 49.6 
4 12.571 1S.OO 
5 29.830 6.39 772.50 49.6 
6 -18.128 140 53172 48.9 
7 71.064 5.32 
8 -21.452 1.94 .74OOO 27.8 
9 44.331 1.16 
10 -216.306 3.07 6968O 55.5 
11 -20.697 O.30 
12 49.175 2.95 772.50 49.6 
13 -48.490 1.OO-1186-22.63 
14 -127.799 1...SO 80440 39.6 
15 39.069 O.98 
16 60.964 3.42 58144 40.7 
17 -45.244 
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Embodiment 4 

0121 FIG. 10 shows the lens arrangement of the fourth 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State. 

0122 FIGS. 11A through 11E show various aberrations 
occurred in the lens arrangement shown in FIG. 10, when an 
object at infinity is photographed. 
0123 FIGS. 12A through 12E show various aberrations 
occurred in the lens arrangement shown in FIG. 10, when an 
object at a closer distance is photographed. 
0124 Table 4 shows the numerical data of the fourth 
embodiment. 

0.125. The basic lens arrangement of the fourth embodi 
ment is the same as that of the first embodiment. 

0126 The diaphragm S is provided 2.123 in front of (on 
the side of the object) the positive second lens group 20 
(surface No. 8). 

TABLE 4 

FNo. = 1:2.88 
f = 34.43 
W = 23.4 
fB = 37.00 

Surf. No. r d Nd w 

1 29.104 2.90 80518 25.4 
2 46.173 O.26 
3 26.891 1.60 744OO 44.8 
4 11.58O 13.56 
5 45.822 5.27 .772SO 49.6 
6 -14.791 1.30 54814. 45.8 
7 295.333 8.33 
8 -25.168 1.2O .74O77 27.8 
9 52.842 1.43 
10 -61.SS7 2.82 6516O 58.5 
11 -20.881 O.21 
12 51.980 3.35 74100 S2.7 
13 -37.779 100-13.31-25.63 
14 232.315 1.39 .772SO 49.6 
15 34.130 0.72 
16 53.2O7 2.58 54814. 45.8 
17 -122-135 

Embodiment 5 

0127 FIG. 13 shows the lens arrangement of the fifth 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State. 

0128 FIGS. 14A through 14E show various aberrations 
occurred in the lens arrangement shown in FIG. 13, when an 
object at infinity is photographed. 
0129 FIGS. 15A through 15E show various aberrations 
occurred in the lens arrangement shown in FIG. 13, when an 
object at a closer distance is photographed. 
0130 Table 5 shows the numerical data of the fifth 
embodiment. 

0131 The basic lens arrangement of the fifth embodiment 
is the same as that of the first embodiment. 

0132) The diaphragm S is provided 2.831 in front of (on 
the side of the object) the positive second lens group 20 
(surface No. 8). 
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TABLE 5 

FNo. = 1:2.88 
f = 30.90 
W = 25.9 
fB = 37.00 

Surf. No. r d Nd w 

1 40.394 3.25 80518 25.4 
2 91.208 O.10 
3 35.023 1...SO .772SO 49.6 
4 12.842 17.28 
5 29.440 4.63 .772SO 49.6 
6 -19.024 140 S3172 48.9 
7 8O.OOO 5.33 
8 -21.776 1.72 7282S 28.5 
9 38.951 1.21 
10 -229.975 2.95 696.80 SSS 
11 -21674 O.30 
12 49.762 2.91 .772SO 49.6 
13 -46.233 1.OO-11:48-21.97 
14 -146.584 1...SO 8044O 39.6 
15 39.339 O.98 
16 72.376 3.25 58144 40.7 
17 -45.032 

Embodiment 6 

0.133 FIG. 16 shows the lens arrangement of the sixth 
embodiment of the macro lens system according to the 
present invention, when an object at infinity is in an in-focus 
State. 

I0134 FIGS. 17A through 17E show various aberrations 
occurred in the lens arrangement shown in FIG. 16, when an 
object at infinity is photographed. 
I0135 FIGS. 18A through 18.E show various aberrations 
occurred in the lens arrangement shown in FIG. 16, when an 
object at a closer distance is photographed. 
0.136 Table 6 shows the numerical data of the sixth 
embodiment. 

0.137 The basic lens arrangement of the sixth embodiment 
is the same as that of the first embodiment. 

0.138. The diaphragm S is provided 2.609 in front of (on 
the side of the object) the positive second lens group 20 
(surface No. 8). 

TABLE 6 

FNo. = 1:2.88 
f = 34.15 
W = 23.6 
fB = 38.52 

Surf. No. r d Nd w 

1 29.624 3.2O 180518 25.4 
2 51.745 O.2O 
3 26.745 1.64 1.78S90 44.2 
4 11186 12.09 
5 41-624 S.91 1.77250 49.6 
6 -14.298 1.30 154814 45.8 
7 74.774 8.82 
8 -24.755 1.2O 1.72260 28.1 
9 63.110 O.91 
10 -78.860 3.11 1.61999 60.3 
11 -18.950 O.2O 
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TABLE 6-continued 

FNo. = 1:2.88 
f = 34.15 
W = 23.6 
fB = 38.52 

Surf. No. r d Nd w 

12 45.226 3.27 1.74100 S2.7 
13 -45.226 1.OO-12.56-24.1 
14 -270.253 1.2O 1.772SO 49.6 
15 38.311 OSO 
16 60.870 2.85 154814 45.8 
17 -60.870 

0139. The numerical values of each condition for each 
embodiment are shown in Table 7. 

TABLE 7 

Embod. 1 Embod. 2 Embod. 3 Embod. 4 Embod. 5 

Cond. (1) O.35 O41 O49 O.39 O.S6 
Cond. (2) -6.33 -8.15 -9.48 -6.87 -8.13 
Cond. (3) -0.64 -O.73 -0.65 -0.59 -0.61 

0140. As can be understood from Table 7, the first through 
sixth numerical embodiments satisfy conditions (1) through 
(3). Furthermore, as can be understood from the aberration 
diagrams, the various aberrations are suitably corrected at an 
infinite photographic distance and at a close photographic 
distance. 
0141 According to the present invention, a miniaturized 
macro lens system with the following features can be 
attained: 
0142 (i) miniaturization of the macro lens system is 
attained by an arrangement in which one lens group (i.e., 
integrally moved the positive first lens group and the positive 
second lens group) is arranged to function as a focusing lens 
group, and the focusing lens group is formed as a retro-focus 
type lens group; 
0143 (ii) the correcting of aberrations, particularly spheri 
cal aberrations and distortion, is suitably performed from an 
infinite distance to a closer distance. 
0144. Obvious changes may be made in the specific 
embodiments of the present invention described herein, such 
modifications being within the spirit and scope of the inven 
tion claimed. It is indicated that all matter contained herein is 
illustrative and does not limit the scope of the present inven 
tion. 

What is claimed is: 
1. A macro lens system comprises a positive first lens 

group, a diaphragm, a positive second lens group, and a 
negative third lens group, in this order from an object, 

wherein upon focusing from an object at an infinite dis 
tance to an object at a closer distance, said positive first 
lens group and said positive second lens group integrally 
move toward the object without changing a distance 
therebetween, with respect to said negative third lens 
group which is stationary with respect to an imaging 
plane in a camera body; 

wherein said positive first lens group comprises a negative 
first Sub-lens group and a positive second Sub-lens group 
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which are divided at a maximum distance between lens 
elements in said positive first lens group; and 

wherein said a macro lens system satisfies the following 
conditions: 

wherein 

d designates an distance between said negative first Sub 
lens group and said positive second Sub-lens group; 

fdesignates a focal length of the entire macro lens system; 
and 

f3 designates a focal length of said negative third lens 
group. 

Embod. 6 

O.35 
-6.40 
-0.63 

2. The macro lens system according to claim 1, wherein 
said negative first Sub-lens group comprises a plurality of lens 
elements, 

wherein said plurality of lens elements comprise a negative 
lens element; 

wherein the rest of said plurality of lens elements are pro 
vided on the object-side of said negative lens element; 
and 

wherein said rest of said plurality of lens elements com 
prise at least one positive lens element. 

3. The macro lens system according to claim 2, wherein 
said negative first Sub-lens group comprises a positive first 
lens element having a convex surface facing toward the object 
and a negative second lens element, in this order from the 
object. 

4. The macro lens system according to claim 3, wherein 
said negative second lens element comprises a negative 
meniscus lens element having the concave surface, with a 
Smaller radius of curvature, facing toward the image. 

5. The macro lens system according to claim 3, wherein 
said positive second Sub-lens group comprises cemented lens 
elements having a positive third lens element and a negative 
fourth lens element, in this order from the object. 

6. The macro lens system according to claim 1, further 
satisfying the following condition: 

-0.75<f (fla-0.55 

wherein 
f, designates a combined focal length of said positive 

second Sub-lens group and said positive second lens 
group; and 

fla designates a focal length of said negative first Sub-lens 
group. 

7. The macro lens system according to claim 6, wherein 
said positive second lens group comprises a biconcave nega 
tive lens element, and two positive lens elements, in that order 
from the object. 
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8. The macro lens system according to claim 7, wherein 9. The macro lens system according to claim 1, wherein 
said positive second lens group comprises a negative bicon- said negative third lens group comprises a negative lens ele 
cave lens element, a positive lens element having a convex ment and a positive biconvex lens element. 
Surface facing toward the image, and a positive biconvex lens 
element, in this order from the object. ck 


